Furthermore, the incorporation of 35S methionine into protein in ovariectomized animals also changed significantly after oestradiol administration. Forty-eight hours after the first injection of (± s.e.m.) in discrete brain areas ofthe ovariectomized rat treated with two injections of a?stradiol benzoate (OB). Hours ofdarkness (~), the times ofinjection ( tf ) and the time ofthe LH surge (broken vertical line) are shown oestrogen, the circadian rhythm returned in all the areas studied: a significant increase in activity also occurred in the preoptic area, the area of the median eminence and the anterior pituitary at the time of the LH surge (see Fig 2) .
In rats and mice in which the reproductive cycle had been removed experimentally it was found that the cerebral circadian rhythm was also deleted. In contrast, cestradiol benzoate administered to ovariectomized rats regenerated the circadian rhythm of 35S methionine incorporation in all the brain areas studied.
These results suggest that there is a direct correlation between the presence of a cerebral circadian rhythm and the fact that gonadotrophin release can be facilitated only at particular times of the day. This facilitation phenomenon and also the presence of a 'critical period' during the rat oestrous cycle gave rise to the theory that somewhere in the feedback system controlling reproductive function there must be a biological clock which confers the capacity to synchronize the events of the cestrous cycle. The cerebral rhythm reported here would comply with many of the conditions that such a clock should fulfil. Some understanding of the relationship between chemical structure and biological activity of the pituitary hormones oxytocin and the vasopressins has come from studies on a large number of synthetic analogues (Berde & Boissonnas 1968 ). Most of the synthetic analogues are considerably less active than the hormones themselves. However, three groups of analogues possess hormonal activities comparable to or even greater than those of the hormones: (1) The deamino-analogues (Hope et al. 1962 , Huguenin & Boissonnas 1966 .
(2) The 4-threonine analogue of oxytocin (Manning et al. 1970) . (3) The monocarba analogues of deamino-oxytocin (Jost & Sorm 1971) and of oxytocin (Jost et al. 1973 ).
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The first synthetic analogue of oxytocin possessing greater biological activity than the hormone was the deamino-analogue (Hope et al. 1962 , Ferrier et al. 1965 . The N-terminal amino group of the polypeptide was replaced by a hydrogen atom. The oxytocic activity on the isolated rat uterus was 795±36 iu/mg. This is appreciably higher than the activity of the hormone 523 iu/mg (Hope & Wiilti 1971) . Then the introduction of an amino-group in the L-configuration led to a decrease in biological activity. In the D-configuration, an amino-group had a more profound effect, thus 1-hemi-D-cystineoxytocin possessed only 1.9 iu/mg , Yamashiro et al. 1966 (Fig 1) .
Although the primary amino-group at the 1-position in oxytocin and vasopressin is not necessary for hormonal activity, it has a precise role in their binding to the carrier proteins, the neurophysins. Thus it has been known for some time that the deamino analogue of oxytocin does not form an isolatable complex with neurophysin (Stouffer et al. 1963 ). These proteins are found together with the hormones in the neurosecretory granules isolated from homogenates of mammalian posterior pituitary glands (Dean & Hope 1968 ). Presumably the hormones are bound to the neurophysins within the granules and it is possible that an electrostatic linkage is responsible for the formation of the neurophysin-hormone complex. However, the pKa of the amino group in oxytocin is c. 6.3 (Breslow 1961) implying only 10% ionization at physiological pH. Unless the pH within the neurosecretory granules, where the neurophysin-hormone complexes are located, were appreciably lower than 7 or the pKa effectively increased by a proton-donating group at the binding site on the protein, the possibility of binding via hydrogen bonds had to be considered. Such considerations are of less importance for the pharmacological activities of the hormone where the absence of an amino group increased these activities. It is likely that the hormonal activities of oxytocin are functions of the uncharged molecules.
To test the possibility that uncharged molecules of oxytocin bind to neurophysin via hydrogen bonding we have synthesized 1-(L-2-hydroxy-3mercaptopropanoic acid) oxytocin, an analogue of the hormone in which the amino-group has been replaced by the strongly hydrogen-bonding hydroxyl-group (Hope & Walti 1971 , Wiilti & Hope 1972 . More recently the diastereoisomer in which the hydroxy-group has the D-configuration has been synthesized. Thin-film dialysis experiments showed that neither of the two hydroxy analogues were bound by bovine neurophysin II. This demonstrated that a hydroxy-group cannot be substituted for a primary amino-group in oxytocin and retain the affinity for neurophysin.
We conclude that an electrostatic force is of primary importance for the formation of a protein-hormone complex.
The oxytocic and pressor activities of the two new synthetic analogues of oxytocin are given below together with the corresponding activities of oxytocin (L-NH2) and of 1-hemi-D-cystineoxytocin for comparison: The L-OH analogue of oxytocin is an isostere of the hormone yet its oxytocic activity is approximately three times as great. However, it is unlikely to replace oxytocin in clinical practice because of the relatively high pressor activity.
The high pressor activity of the L-OH analogue, which is ten times more active than oxytocin, was unexpected. The pressor activity of the vasopressins is generally believed to depend upon the presence of basic groups at the N-terminus and in the side chain. The present results suggest that a study of the hydroxy-isosteres of the vasopressins will be interesting.
The ratio between the uterotonic potencies of the two diastereoisomeric hydroxy analogues is close to 60, compared with a ratio of 240 for the diastereoisomeric amino compounds. These ratios are large, as one would expect from a consideration of Pfeiffer's rule (Pfeiffer 1956 ). However, it is interesting to note that the potency ratios are inversely proportional to the uterotonic potencies, a consequence of the unexpectedly high uterotonic activity of the D-OH analogue. The hydroxy-isostere of oxytocin has been shown to be three times more active than the hormone. However, it does not appear to offer any advantage over the hormone clinically because of a high pressor activity. Thus the pressor/oxytocic ratio (1/50) is three times greater than the corresponding ratio (1/150) for the hormone itself.
